ABSTRACT. Urbanization and agriculture alter expressively the physical and chemical variables of lotic habitats, especially streams, causing negative effects to the biota of these environments. This study aimed to (i) evaluate the spatial and seasonal variations in the structure of periphytic diatom assemblage in a stream under urban influence in its headwaters, and rural influence, in the rest of its course, and (ii) select diatom species as bioindicators of urban and rural stretches. Three sampling sites were set along the stream according to its longitudinal gradient. The structure of the periphytic diatom assemblage presented differences in spatial scale, differing substantially between the urban and rural habitats. There was a higher influence of nutrients (orthophosphate (PO 4 ) and total nitrogen (TN)) on the distribution of the assemblage. Therefore, the use of the assemblage of periphytic diatoms as environmental bioindicator indicated spatial differences along the riverine areas, from the agriculture environment to the urbanized environment.
Introduction
Lotic environments are among the systems that suffer most the impact of human activities (BONA et al., 2008) . According to Vannote et al. (1980) and Mulholland (1996) , sections of headwater streams represent greater interaction with the landscape and therefore are predominantly accumulators, processors and transporters of material from the terrestrial environment.
With the intense population growth, the urbanization process is accelerated (MEYER et al., 2005) as well as the agricultural practices. This raises concerns about the physical and chemical characteristics of rivers and streams (ALLAN; CASTILLO, 2007) , negatively affecting the biota of these ecosystems (JÜTTNER et al., 2003) .The current rate of destruction, alteration and fragmentation of natural habitats resulting from increasing impacts of human activities has led to an alarming loss of global biodiversity. Owing to this, an important objective of ecological studies is to understand spatial and seasonal changes in size and distribution of populations, as well as the mechanisms and processes behind these changes.
Benthic algae show high turnover rates and opportunistic life-history strategies that have enabled them to successfully exploit stream habitats; many are harsh and polluted environments (BIGGS, 1996) . In many countries, the monitoring of aquatic Acta Scientiarum. Biological Sciences Maringá, v. 37, n. 4, p. 427-437, Oct.-Dec., 2015 environments using biological communities is applied routinely (GROWNS, 1999; FORE; GRAFE, 2002) , in which mainly the diatoms are being used in monitoring of rivers (KELLY et al., 1998; JÜTTNER et al., 2003; DELA-CRUZ et al., 2006) . Their utilization as indicators is advantageous, since the diatoms have peculiar attributes, as for instance: they are found throughout the river, have a short life cycle, responding quickly to environmental changes, are commonly related to specific environmental conditions in different geographic regions (GROWNS, 1999; PAN, 1999; LOBO et al., 2002; SOININEN, 2002) , presenting responses in spatial and seasonal scales, according to the climate, land use, and water chemistry (STEVENSON; PAN, 1999) . Although several indices had been developed to evaluate the water quality by means of diatoms (DESCY; COSTE, 1991; VAN DAM et al., 1994; KELLY; WHITTON, 1995; PAN, 1999) , few studies have been done to evaluate the responses from diatoms over drainage basins influenced by urbanization and by agricultural practices (LOBO et al., 1996; GÓMEZ; LICURSI, 2001; JÜTTNER et al., 2003; MORESCO; RODRIGUES, 2014) , especially in tropical regions.
Therefore, this study evaluated the spatial and seasonal variations in the composition and structure of the periphytic diatom assemblage, according to the urban-rural gradient, relating them to physical and chemical variables, and selected diatom species as bioindicators of urban and rural stretches, in the Guaiapó Stream, Pirapó River basin. Thus, it is expected that the different environmental characteristics found along the stream have influence on the composition and structure of the periphytic diatom assemblage over a seasonal period.
Material and methods

Study area
The Pirapó River basin is in the Northwestern region of Paraná State, in the physiographic region called Third Plateau (latitudes 22º30' and 23º30' South, and longitudes 51º15' and 52º15' West), with a drainage area of approximately 5,076 km 2 . The predominant climate in the region is subtropical, with abundant rainfall in summer (months: October, November, December, January, February and March), and dry winter (April, May, June, July, August and September) (MAACK, 2012) , with annual mean temperatures higher than 20ºC. The municipality of Maringá is within the boundaries of the basins of Pirapó and Ivaí rivers, with sources of several streams in the urban area, including the Guaiapó Stream, of low order, located in the Pirapó River basin (Figure 1 ).
The source of this stream is within the urban area, with residential and industrial occupation. This stretch presents steep banks and riparian vegetation, with low incidence of light (Figure 1 ). The headwaters receive storm sewers, domestic sewer and superficial runoff. The middle stretch is located on the border between the urban and rural areas, presenting steep banks and scarce riparian vegetation, with high incidence of light. In turn, the mouth is situated in the rural area with crop rotation (corn, soybean and wheat), without arboreal riparian vegetation, and with intense incidence of light. The middle and mouth stretches are subjected to the discharge of agricultural and domestic effluents. (CETESB, 1991) . Total nitrogen and orthophosphate were determined according to Silva and Oliveira (2001) .
Three sampling sites were established along the longitudinal gradient of the Guaiapó Stream (headwaters, middle and mouth). For analytical purposes, the sampling sites were grouped into urban (headwater) and rural (middle and mouth) sites. The samplings were performed every two months, from August 2007 to June 2008, which were grouped into dry (April, June, August) and rainy season (October, December, February) .
For the qualitative and quantitative analyses of periphytic diatoms, at each sampling site, the samples were taken in replica. Each sample consisted of three pebbles (composite sample). This substrate was chosen for being the most abundant and present throughout the stream. The side opposite to the flow direction was scraped with the aid of brush and blade, and the material was fixed with formalin solution. We also measured the area of the scraped surface, using a caliper. The material was oxidized with potassium permanganate and hydrochloric acid (MOREIRA- Identification and counting of diatom species were performed in an optical microscope Olympus CX31. The individuals were identified and counted to a minimum of 600 valves were recorded, as recommended by Kobayasi and Mayama (1982) , added up to an efficiency of counting of 90%, determined according to Pappas and Stormer (1996) . The concentration of cells cm -2 was estimated by multiplying the number of valves of each taxon by the conversion factor, according to .The classification system followed that proposed by Round et al. (1990) .
Data analysis
To determine significant differences from the expected proportion in the density of diatoms in each sampling sites and periods, the chi-square test (χ2) at a significance level of 5% was applied. In order to summarize the composition and structure of the periphytic algae assemblage, it was applied a Nonmetric Multidimensional Scaling (NMDS) (KRUSKAL, 1964a, b) . Sorensen distances were calculated and the general procedure of the NMDS was followed according to McCune and Grace (2002) . A hundred permutations were performed and the stability criterion used was the standard deviation (≤ 0.005, stress above 100 iterations). This analysis was carried out with the matrix of abundance data (square root transformed to remove the effect of high values) in different sampling sites and periods grouped.
To test significant differences in the composition and structure of the periphytic algae assemblage, summarized by the NMDS, a two-way mixed model PERMANOVA (maximum permutations = 9999) was used to test each data set, with sampling site (urban and rural) and period (dry and rainy season) provided as factors. For this analysis, data were log transformed.
For the determination of indicator species (IndVal), the procedures used was those recommended by Dufrêne and Legendre (1997) , the input data were the abundance and frequency of occurrence of species in each group, calculating indicator values for each species (McCUNE; GRACE, 2002) . The species were considered as indicators when presented the results of Monte Carlo Test with p < 0.05 (based on 1,000 permutations).
Abiotic variables were summarized by a Principal Component Analysis (PCA). To determine which principal components should be retained for interpretation, the Broken-Stick criterion was used. According to this, only the axes with eigenvalues higher than those generated by random should be interpreted (McCUNE; GRACE, 2002) . Abiotic data, except pH, were log transformed for PCA.
The association of multivariate analysis (abiotic variables and composition and structure of the periphytic diatom assemblage) was examined by means of the Procrustes analysis (PERES-NETO; JACKSON, 2001) . In this analysis, the two matrices are compared using an algorithm that minimizes the sum of squared residuals between the matrices (ROHLF; SLICE, 1990) . The resulting value of m 2 is the best fit, as it describes the degree of association between the matrices. NMDS, PERMANOVA, IndVal and PCA were run using the software PC-Ord 
Results
Abiotic analysis
Principal components analysis summarized the matrix of abiotic variables. Two axes were retained for interpretation (Figure 2 ; cumulative explained variance = 55.06; Table 1 ). The axis 1 (%variance: 33.84%) only distinguished the sampling sites. Flow velocity and pH, positively correlated with the axis 1 (Table 1; Figure 2 ), showed higher values in rural sites. On the other hand, orthophosphate (PO 4 ), negatively correlated with the axis 1 (Table 1; Figure  2 ), showed higher values in urban sites. These variables were responsible for the separation of the sampling sites. In the axis 2 (%variance: 21.22%), there was the differentiation of the sampling sites. Electric conductivity, positively correlated with axis 2 (Table 1; Figure 2 ), showed higher values in rural sites. In turn, total nitrogen, negatively correlated with the axis 2 (Table 1; Figure 2 ), showed higher values in urban sites.
Periphytic diatom assemblage
In this study, we identified 96 species belonging to 35 genera. Seventy-one specific taxa occurred in the headwaters, 72 in the middle stretch, and 53 in the mouth. Forty-three species were common to the three stretches. Considering the species exclusive to each stretch, we recorded 19, 16 and 4, for the headwaters, middle and mouth stretches, respectively. Analyzing the distribution of genera, Navicula had the highest number of taxa, followed by Nitzschia and Pinnularia. The genera Diadesmis, Diploneis and Neidium occurred only in the urban area. The genera Adlafia, Caloneis and Kobayasiella occurred only in the rural region.
Considering the total density, higher mean values were observed in rural stretches (Chi-square test χ 2 = 59.64, p < 0.05, Figure 3a) , in the dry period (Chi-square test χ 2 = 4.88, p < 0.05, Figure  3b ).
The structure of the periphytic diatom assemblage, summarized by a NMDS, showed a separation only between sites studied (Figure 4a ). After 47 iterations, the stability criterion was achieved with a final stress of 9.19 (Monte Carlo test, p < 0.01), and two axes were retained for interpretation. The variance represented by each axis, based on the distance between the r 2 on the ordination space and distances in the original space was 0.32 for the axis 1; and 0.60 for the axis 2, adding up a total of 0.92.
By plotting the axis 1 and 2 (Figure 4a ), the spatial scale was identified as the main pattern for the structure of the periphytic diatom assemblage. The urban sites were set apart from the rural sites. Regarding time, no pattern was found for composition and structure ( Figure  4b ). PERMANOVA detected significant differences between sites for the composition and structure of the periphytic diatom assemblage (p < 0.05; Table 2 ). The result of the Indicator Species Analysis (IndVal) evidenced 23 species of periphytic diatoms, whose abundances and frequencies were significantly associated with some of the studied regions (p < 0.05; Table 3 ). Eleven species were indicators of urban areas and 12 of rural areas (Table 3) .
Relationship between biotic and abiotic variables
A Procrustes test (matrices correlation) was run to investigate the relationship between abiotic variables and the assemblage of periphytic diatoms. In this test, the two first PCA axes were compared with the two first ordination axes of the NMDS, which summarized the structure of the periphytic diatom assemblage.
The value adjusted for the sampling sites and periods distribution was m 2 = 0.52 and p < 0.01, corroborating the influence of abiotic variables ( 
Discussion
Our findings pointed out that the assemblage of periphytic diatoms of the Guaiapó stream presented only spatial heterogeneity. As the geology of the microbasin herein studied is the same for the three sampling sites, it is supposed that the land use has influenced the abiotic variables of the stream, which generated similar responses from the assemblage of periphytic diatoms. In the absence of human influence, the nutrient concentration in the water of a certain stream is determined by geology, atmospheric deposition and vegetation (BIGGS, 1996) . Also, variations in biotic and abiotic characteristics take place naturally along the longitudinal axis of a river (VANNOTE et al., 1980) . Periphytic diatoms are affected by anthropogenic or natural factors (PAN et al., 1996; RIMET; BOUCHEZ, 2012) . In the Guaiapó Stream, the assemblage structure in the urban area was distinct from that found in rural area (middle stretch and mouth). The urban area presented the higher values of PO 4 and TN. Aquatic environments in urban centers exhibit increased concentration of nutrients, especially nitrogen, caused by poor sewage treatment and illegal discharge of effluents into these environments (PAUL; MEYER, 2008). Nitrogen and phosphorus are considered the main limiting nutrients for algal growth. Under increased concentrations of nitrogen and phosphorus, McCormick et al. (1996) registered the replacement of diatoms typical of oligotrophic environments with species indicators of eutrophication. In the Guaiapó Stream, even though the higher values of nitrogen found in the urban sites, the values of this nutrient were also high in the rural stretches. High concentrations of TN in these regions can be associated with the use of fertilizers in adjacent areas. In agreement with Lavoie et al. (2004) and Smucker and Vis (2011) , the intensive agriculture is responsible for increased concentrations of nutrients in streams and also for chemical and physical changes in these environments.
High conductivity values are also considered one of the main effects of agriculture activity on streams (LELAND et al., 2001) . The influence of this variable on periphytic diatoms has been previously reported in other studies (SONNEMAN et al., 2001; WALKER; PAN, 2006) . Another factor that should be taken into account is the increase in flow velocity observed in downstream regions, favoring species with effective mechanisms of attachment to the substrate, like those with prostrate habit or attached to the substrate by mucilage tubes . The presence of riparian vegetation was also important for the differentiation between urban and rural zones. highlights the effect of light on the architecture of the periphytic algal assemblage, which influences its composition and growth, but the individual light requirements of periphytic algal species are barely known. Furthermore, the limitation of light is negative to the development of diatoms.
In this study, most indicator taxa of the urban region have a widespread distribution, but previous studies associated their occurrence with specific environments. Achnanthes exigua Grunow, for example, tolerates high nitrogen concentrations, being found in oligo-to eutrophic environments (LOBO et al., 2002; 2004a) . Achnanthes rupestoides Hohn was also referred by Van Dam et al. (1994) as a species typical of meso-eutrophic waters. However, according to , this species has preference for eutrophic environments under strong human impact. Cyclotella pseudoestelligera Hustedt and Amphora copulata (Kutzing) Schoeman & Archibald also are taxa typical of environments with high nitrogen concentrations and eutrophic environments ( VAN DAM et al., 1994) .
According to the scarce literature on the ecology of Nupela, species belonging to this genus have been recorded in environments with moderate to high concentrations of TN (POTAPOVA et al., 2003) , or in rivers severely polluted by organic matter (RUMRICH et al., 2000) . In the Guaiapó Stream, Nupela praecipua (Reichardt) Reichardt and Nupela sp. were indicators of the urban region, containing higher concentrations of nitrogen and phosphorus. Similarly, ecological information concerning the species of Placoneis is lacking. asserted that species belonging to this genus are mainly found in mesotrophic waters. Nevertheless, Taylor et al. (2007) registered species of this genus in mesotrophic to eutrophic environments. With regard to Navicula lohmannii Lange-Bert. & Rumrich there are no ecological data in the literature. In this research, N. lohmannii was indicator of the urban environment, that is, this species tolerates high concentrations of nitrogen and phosphorus.
Among the 12 species indicators of the rural region, the most cited in the literature are Cyclotella meneghiniana Kutzing and Cocconeis placentula var. euglypta (Ehrenberg) Grunow. They are typical of eutrophic environments, requiring high concentrations of nitrogen periodically ( VAN DAM et al., 1994) . In lotic systems from Southern Brazil, Cyclotella meneghiniana had already been registered as indicator of intermediate levels of eutrophication (LOBO et al., 2004c ) and tolerant to heavily impacted environments (LOBO et al., 2004a) . In addition to the preference for eutrophic environments, Cocconeis placentula and Cymbella kolbei Hustedt should get advantages from the growth form, strongly attached to the substrate, being resistant to higher flow velocity, verified in rural areas in this study. Soininen (2004) registered high abundance of Cocconeis placentula in environments with high current flow. Also, this species has been associated with agricultural areas (JÜTTNER et al., 2003; LAVOIE et al., 2004) . Amphora montana Krasske and Nitzschia palea (Kütz.) Smith also indicated eutrophic to hypereutrophic environments ( VAN DAM et al., 1994; LOBO et al., 2002; DELGADO et al., 2012) . On the species Navicula erifuga Lange-Bert., Navicula schroeteri Meister, Navicula viridula var. rostellata (Kutz.) Cleve and Nitzschia frustulum (Kütz.) Grunow, little ecological information is available, although, according to Van Dam et al. (1994) , these taxa are characteristic of eutrophic environments. Nevertheless, in the Guaiapó Stream, this species was indicator of rural stretches, in which were recorded higher pH, flow and conductivity. Furthermore, Mayamaea atomus (Kütz.) Lange-Bert., which is indicator of the rural section, has been reported in strongly polluted environments (LOBO et al., 2002) . On the other hand, Geissleria aikenensis (Patr.) Torg. & Oliv. is characteristic of environments with low mineral and organic content as well as high oxygen levels , and has low tolerance to eutrophication (LOBO et al., 2004b) . We did not find ecological data on Gomphonema lagenula Kütz. In the Guaiapó Stream, this taxon was indicator of rural stretches, where lower phosphorus and nitrogen concentrations were verified, as well higher pH, flow and conductivity.
Conclusion
The structure of the periphytic diatom assemblage demonstrated the spatial gradient of the stream, reinforcing its role as an excellent environmental indicator. Eleven species characterized the urban sites, where it was found greater values of nitrogen and phosphorus. In rural environments, where the species were strongly influenced by nutrient concentrations, was observed preference for the registered values of pH and conductivity.
Our results evidenced changes in composition and abundance of periphytic diatoms, probably caused by limnological variations along the stream gradient. There are indicator species in each stretch of the stream, which can be used to assess the water quality. urban aquatic ecosystems: the response of the groups of organisms to stress gradients', and grants given to LR and EAG. To UEM, Graduate Course in Ecology of Inland Aquatic Ecosystems -PEA and Nupélia, for logistical support.
